SUMMARY The brains from 12 babies up to 21/2 years of age, who died after repeated nonaccidental injury to the head, were subjected to detailed neuropathological examination. The nine brains from infants under 5 months showed contusional tears-slit like lesions in the white matter surrounded by astrocytes and associated with evidence of old and recent haemorrhage. The three brains from infants over 5 months showed white matter lesions similar to those seen in adults after closed head injury, including damage in the dorsolateral quadrant of the brain stem without axonal hemispheric damage, which may have been a result of whiplash injury after shaking. In addition, all the brains examined showed diffuse gliosis.
Since Caffey' 2 described the association of subdural haemorrhage and multiple limb fractures, the intracranial manifestations of non-accidental injury have become increasingly recognised and understood. Subdural haemorrhage and associated retinal haemorrhage, both common manifestations of head injury in childhood only,3 can be produced with minimal trauma.4 While subdural haematomas are associated with trauma, the aetiology of half of the subdural haematomas in childhood is not understood5 and may be associated with intracranial or generalised disease.
Little attention has been given to the white matter damage in abused babies under 5 months old since the contusional tears, or clefts in the white matter, were first described.6 These lesions are important because they represent the most important evidence of primary brain trauma in early infancy. The importance of white matter damage in adult head injury has recently been highlighted by Adams et al.7 These authors emphasised the importance of diffuse axonal injury. This was initially described by Strich8 in a group of patients with post-traumatic dementia, who exhibited these lesions in the corpus callosum Accepted for publication 20 June 1984 and the dorsolateral quadrants of the brain stem as well as more diffusely. Contusions, a common finding in adult head injury, do not occur in infants because of the smoothness of the inside of the skull.
Non-accidental injury as a form of child abuse probably contributes appreciably to mental handicap.9 About 3000 infants receive non-accidental injuries in the UK each year,'0 and up to 5% of the survivors, or 150 a year, may become severely subnormal." In one study of 146 children subjected to prolonged abuse,'2 impaired intellectual function was found in over a quarter of the children studied. Trauma in the under 4 year olds is particularly important because it is the period in which accelerated growth and rapid myelination occur. '3 Skull fractures are present in many abused infants after non-accidental injury. Many, however, also receive primary brain trauma from whiplash injury'4 15 without skull fracture. The extent of this diffuse axonal injury has been correlated directly with the severity of acceleration-deceleration injury in adult humans7 and other primates, '6 and Contusional tears were seen in seven infants (Table) . These were characterised by slit like tears in the white matter of the frontal and occipital lobes (Fig. 1 ). They were not cavities and did not contain blood in large quantitites. They were easily identified by the presence of brown pigment in the walls, or by more recent haemorrhage. In one of the 1097 youngest cases (case 3) there was a tear in the white matter over and parallel to the cortex (Fig. 2) . Where the presence or absence of skull fractures was known, only in one case (case 1) was a contusional tear identified in the absence of a right parietal fracture (Table) . Microscopical examination of the clefts showed that they contained recent haemorrhage in the younger infants (Fig. 3) and that their edges were lined by large reactive astrocytes (Fig. 4) and iron containing macrophages in the older cases. The glial fibrillary and protein method easily identified numerous large reactive astrocytes in the white matter of cases (Fig. 5a ) without contusional tears. They were not seen in the control cases (Fig. 5b) . Axonal injury, characterised by the presence of retraction balls using a routine neuropathological technique, was not identified in these infants.
INFANTS OVER FIVE MONTHS (n = 3; aged 2, 2, and 2½/2 years) No contusions or contusional tears were identified in this group.
In case 12 diffuse axonal injury typical of that in adults was identified microscopically in the corpus callosum and was characterised by retraction balls. (Fig. 6 ). In this infant there were no lesions in the dorsolateral quadrants of the brain stem. There was also a diffuse astrocytic reaction in the white matter. In case 11 a shearing lesion was identified micro-| scopically in the dorsolateral quadrant (Fig. 7) age. This infant showed severe external evidence of battering with head bruises, but there was no skull fracture. The mean age of both groups, 13 months, is similar to that in other studies,'7 but the overwhelming number of boys is different. The results of the study suggest that boys subjected to abuse are more likely to die from head injuries than girls. 
Discussion
This study has identified characteristic contusional tears, which occur in infants under 5 months old after repeated blunt trauma to the head. These lesions are usually associated with a fracture of the right parietal bone but can occur in the absence of a skull fracture. They are seen as an acute manifestation of trauma with haemorrhage, and in infants subject to chronic trauma the clefts are lined by astrocytes. White matter damage is an important aspect of head injury in adults,' and this study has shown that it is equally so in infants.
The absence of contusions in young infants has been attributed to the smooth lining of the inside of the skull. This smooth lining may facilitate the transfer of shearing forces into the white matter. These forces in adults produce tears7 which are not as symmetrical as those seen in infancy. It is possible that the symmetrical clefts may result from the effect of shearing forces on unmyelinated axons. The absence of retraction balls, confirmed in this study, has been commented on by other authors. 6 Gliosis was apparent in the walls of the clefts and large reactive astrocytes were also present throughout the white matter both in this study and those of other authors.6 These may be secondary to the trauma or oedema associated with the trauma.
In infants over 5 months old clefts were not seen. In one case the white matter damage was similar to that described in adults.7 Similar lesions have been described in children after accidental and nonaccidental head injury and associated with mental handicap.'8 In case 11 we identified shearing lesions in the brain stem but not elsewhere. This contrasts with the distribution of shearing lesions in adults, where they are seen at this site only if there are associated lesions in the hemispheres. The lesions seen may represent a specific lesion secondary to shaking where the acceleration-decleration forces develop from movement of the body while the head is stationary. This type of lesion is not commonly a cause of head injury in adult life, but spinal injury has been described in sudden infant deaths '9 and has been likened to the spinal injury seen after a difficult delivery.
The difference in the manifestation of primary brain trauma in infants and adults is probably due to a combination of several factors. Firstly, the brain of the very young infant is not completely myelinated and the thinner fibres present are more vulnerable to shearing forces. At this age the head is more mobile and represents up to 10% of the total body weight, compared with 2% in the adult. The weakness of the neck muscles and lack of mobility and control mean that the energy cannot be absorbed by neck muscles or avoidance; the skull bones before fusion of the sutures are thin and mould with the blow. Thus the infant's brain represents a structure which is particularly vulnerable to accelerationdeceleration forces and their subsequent effects.
This study has not identified the long term pathological sequelae of repeated trauma. Clefts and glial scars have been identified in childhood after non-accidental injury'8 but not in adults. The distribution of the lesions in the occipital and frontal lobes would produce symptoms which are difficult to identify clinically. It is becoming increasingly recognised that cerebral palsy can be correlated with non-accidental head injury,9 and its prevalence among children in long stay care exceeds that of Down' s syndrome.'8 Objective study of these patients will be particularly difficult because many of these cases suffer repeated trauma throughout life, both before and after the development of cerebral palsy.9 [19] [20] [21] 
